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Rapid and sensitive eolorimetric method for visualizing biotin- 
labeled DNA probes hybridized to DNA or RNA immobilized 
on nitrocellulose: Bio-blots 

(nucleotide analogs/ avidin/alkaline phosphatase polymers/Southern blots /dot blots) 

Jeffry J. Leary*, David J. BRiGAntt, and David C. Ward*§ 

^\SSt1)^lT """"^ ^Uboratory Medicine, and fiMolecular Biophysic^Biochemistry. Yale University School of Medicine. New Haven, 

Comnmnicated by Alan Garen, March 21, 1983 

ABSTRACT Biptin-Iabeled DNA probes, prepared by nick- 
translation in Ae presence of biotinylated analogs of TTP, are 
hybridized to DNA or RNA immobilized on nitrocellulose filters. 
After removal of residual probe, the filters are incubated for 2- 
5 min with a preformed complex made with avidin-DH (or strep- 
tavidin) and biotinylated polymers of intestinal alkaline phospha- 
tase. The filters are then incubated with a mixture of 5-bromo-4- 
chloro-3-indolyl phosphate and nitro blue tetrazolium, which re- 
in the deposition of a purple precipitate at the sites of hy- 
bridization. This procedure will detect target sequences in the 1- 
to 10-pg range after enzyme incubation period»of 1 hr or less. The 
incubation period caabe extended up to 24 hr, if required, to in- 

t xrease the color intensity of the hybridization signal. Further- 

V more, at high probe concentrations (250-750 ng/ml), biotin-la- 

%^ beled DNA exhibits lower nonspecific binding to nitroceUulose than 

f does radiolabeled DNA, so hybridization times required for the 
analysis of unique mammalian gene sequences can be decreased 
to 1-2 hr. This npnradiographtc method of probe detection should 
be of general utility for genetic studies using Southern, RNA, or 
dot-blot hybridization protocols. 

Previous reports from this laboratory described the synthesis 

of biotin-labeled analogs of TTP and UTP that can be enzy- 

matically incorporated into DNA and RNA, respectively (1, 2). 

The resulting biotin-Iabeled polynucleotides exhibit reassocia- 

tion kinetics similar to those of biotin-free polymers and they 

ftmction effectively as hybridization probes in situ. Hybridiza- 

tioa signals can be visualized by indirect immunofluorescence, 

immunoperoxidase, or immuno-colloidal gold techniques, after 

incubation witb a primary antibiotin antibody, and by cyto- 

chemical methods that use complexes of avidin and biotinyl- 
ated peroxidase to detect the biotin-labeled probe. Such pro- 
;:. cedures have been applied successfully to the localization of 
: specific sequences in Drosop/iifa chromosomes (3, 4), mam- 

^aliam met^hase chromosomes (5, 6), cultured cells (2, 7), and 
I forinalinrfixed tissue sections (2). 

: However, none of the visualization methods used in these 
j studies were'able to detect sequences present at the level of 

one copy per mammalian cell. It wbs apparent, therefore, that 
; the routine appUcation of biotin-labeled probes in genetic anal- 

ysis would require the development of more sensitive biotin- 

detection systems. 

■ Here we report the synthesis of biotinylated polymers of al- 
kaline phosphatase and the construction of complexes of avidin 
(or stfeptavidin) and enzyme polymer that are 20- to 50-fold 
more sensitive than immunologic or affinity reagents used pre- 
viously. We also describe a rapid and sensitive procedure for 

Hie publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertise- 
ment in accordance with 18 US.C. §1734 solely to indicate this fact. 



visualizing biotin-labeled DNA probes after hybridization to 
DNA or RNA immobilized on nitrocellulose filters. 

MATERIALS AND METHODS 

AfiPinity-purified rabbit antibiotin IgG was prepared as de- 
scribed (4). Goat antibiotin IgG was generously provided by 
Enzo Biochemicals (New York). Biotinylated rabbit anti-goat 
IgG, biotinylated goat anti-rabbit IgG, and avidin DH-biotin- 
ylated horseradish peroxidase complex (Vectastain ABC kit) 
were purrfiased or were provided as gifts from Vector Labo- 
ratories (BurUngame, OA). Streptavidin (8) was obtained from 
either Bethesda Research Laboratories or Enzo Biochemicals. 
Calf intestinal alkaline phosphatase (catalog no. 567-752) was 
purchased from Boehringer Mannheim. Analogs of TTP that 
contained a biotin molecule linked to the C-5 position of the 
pyrimidine ring through hnker arms 4, 11, and 16 atoms long 
(Bio-4-dUTP, Bio-ll-dUTP, and Bio-16-dUTP) were synthe- 
sized as described (1, 2). Biotinyl-e-aminocaproic acid N-hy- 
droxysuccinimide ester was synthesized according to Costelio 
etal (9). Samples of this ester, Bio-ll-dUTP, and Bio-16-dUTP 
were also provided by Stanley Kline (Enzo Biochemicals). Di- 
succinimidyl suberate was a product of Pierce. Restriction en- 
donucleases were obtained from New England BioLabs, Agar- 
ose (type II), bovine serum albumin (fraction V), 5-bromo-4- 
chloro-3-indolyl phosphate (BCIP) p-toluidine salt, cadaverine 
free base, 3,3'-diaminob^nzidine tetrahydrochloride (DAB), ediyl 
aminocarbazole (EAC), herring sperm DNA (type VII), and ni- 
tro blue tetrazolium (NBT; grade III) were from Sigma. Plas- 
mids containing human globin gene sequences were provided 
by Sherman Weissman (Yale University). JWlOl is a 0.4-kilo- 
base-pair cDNA a-globin clone (10) and pH)3C6 is a 5.2-kilo- 
base-pair genomic fragment containing 4e j3-globin gene in 
pBR322 (11). Plasmid pMM984 (12) contains the complete 5.1- 
kilobase genome of the parvovirus minute virus of mice cloned 
into pBR322. Human placental DNA was a gift from Scott Van 
Arsdell (Yale University). 

Polymerization and Biotinylation of Alkaline Phosphatase. 
Calf intestinal alkaline pj|)sphatase was polymerized by cross- 
Unking with disuccinimidyl suberate. The enzyme was diluted 

Abbreviations: Bio-4-dUTP, Bio-ll-dUTP, or Bio-16-dUTP, analogs of 
TTP that contain a biotin molecule linked to the C-5 position of the py- 
rimidine ring through linker arms that are 4, 11, or 16 atoms long; Bio- 
4-DNA, Bio-ll-DNA, or Bio-16-DNA, DNA probes prepared with the 
above andogs; NBT, nitro blue tetrazolium; BCIP, 5-bromo-4-chloro-3- 
indolyl phosphate; DAB, 3,3'-diaminobenzidine; EAC, ethyl amino- 
carbazole; ABAP or ApoIy(BAP), complexes of avidin with biotinylated 
alkaline phosphatase or alkaline phosphatase polymers; NaCI/Cit, stan- 
dard saline citrate (0.15 M NaCl/0.015 M sodium citrate, pH 7.0). 
* Present address: Dept. of Pathology, The Milton S. Hershey Medical 
Ctr., Pennsylvania State Univ., Hershey, PA 17033. 
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to 1 mg/ml in ice-cold 3 M NaCl/1 mM MgCyO.l mM ZnCV 
30 mM triethylanolamine, pH 7.6 (NMZT buffer) in a silanized 
glass or plastic reaction vessel. All subsequent reactions were 
done at 4^. A 5 mg/ml solution of disuccinimidyl suberate in 
dimethylfonmamide was added (10 /il per ml of enzyme solu- 
tion) in two equal aliquots (=»30-60 sec apart) with gentle stir- 
ring. This solution was stirred for 20 min during which a cloudy 
precipitate appeared; 10-/il portions of cadaverine free base (0.1 
mg/ml in NMZT buffer) were added to the reaction mixture 
four times at 10-min intervals. The disuccinimidyl suberate/ca- 
dayerine ratio was then made equimolar by addition of another 
30 fil of cadaverine solution for each ml of reaction mixture. 
After stirring for an additional 10 min. 2 fil of undiluted ca- 
daverine was added and the mixture was stirred a further 30 
min. ihe resultant clear solution was then dialyzed extensively 
against NMCT buffer. 

Monomeric or polymeric forms of alkaline phosphatase were 
allowed to react with biotinyl-e-aminocaproic acid W-hydroxy- 
succinimide ester by addition of 10 fil of a 20 mg/ml solution 
of it (in dimethylformamide) for each mg of enzyme present in 
the dialysis bag. After stirring on a rotary shaker at for 2 
hr, the reaction mixture was again extensively dialyzed against 
NMZT buffer. Sodium azide was added to a final concentration 
of 0.02% and the biotinylated enzyme was stored at 4°C until 
used. 

Preparation of Complexes of Avidin With Biotinylated Al- 
kaline Phosphatase Polymer [Apoly(BAP)]. The biotinylated 
enzyme polymer must be mixed with a slight excess of avidin 
to produce complexes capable of direct interaction with bio- 
tinylated probes hybridized on filters. The protein mixture that 
gave an optimal signal-to-noise ratio was determined empiri- 
cally by analyzing the abihty of various complexes to discrim- 
inate between avidin-DH and biotinylated goat IgG spotted on 
nitrocellulose. Protein ratios were further adjusted for high 
sensitivity and specificity against Bio-16-DNA spots on nitro- 
cellulose with a constant avidin-DH concentration and varying 
amounts of biotinylated enzyme polymer. 

The Apoly(BAP) complex used in the experiments reported 
here was constructed as follows. Avidiri-DH (1.8 mg/ml) was 
diluted to a concentration of 7.2 Mg/ml into 0.1 M Tris-HCl, 
pH 7.5/0. 1 M NaCl/2 mM MgCl2/0.05% Triton X-100 (AP 7.5 
buffer). The protein was added to AP 7.5 buffer in a glass tube 
prerinsed with 3% bovine serum albumin in AP 7.5 buffer. Bio- 
tinylated alkaline phosphatase polymer was then added to a fi- 
nal concentration of 1.8 Atg/ml and the mixture was incubated 
at room temperature for at least 10 min prior to use. 

Preparation of Dot-Blots. Plasmid pMM984 DNA, either 
Unearized by Xho I digestion or nick-translated with Bio-U-dUTP 
or Bio-16-dUTP substrate (see below), was serially diluted in 50 
mM Tris-HCl, pH 7.5/0.3 M NaOH containing sheared her- 
ring sperm DNA at 1.5 mg/ml. Appropriate dilutions were 
neutralized on ice with 3 M HCl, and 5-fi\ aliquots were spot- 
ted directly on BA-85 nitrocellulose filter sheets (Schleicher & 
Schuell). Filters were air dried and then baked for 4 hr at 80°C. 

Preparation of Southern Blots. Agarose gels were jprepared 
on a horizontal electrophoresis apparatus and DNA samples were 
electrophoresed as described by Alwine et al (13). After the 
acid depurination step of Wahl et al (14), DNA was transferred 
to nitrocellulose sheets (BA-85 or Sartorius 11336) presaturated 
with 20X NaCl/Cit as described by Southern and modified by 
Thomas (15, 16). DNA filters were air dried, baked at 80°C for 
2-4 hr, and stored at 4**C over CaS04 until hybridized. 

Hybridization Probes. Probes were prepared by nick-trans- 
lation essentially as described by Rigby et al (17). Reaction mix- 
tures (20-200 /xl) contained dCTP, dCTP, dATP, and TTP (P- 
L Biochemicals) or Bio-dUTP analogs, each at 50 ^M. Nick- 



translated DNAs were purified and characterized as described 
(2). 

Prehybridization Treatment and Hybridizati n Conditions. 
Prehybridization and hybridization buffers (10 ml/100 cm^ of 
filter) were those of WaW et aL (14) except diat the former lacked 
glycine, was 25 mM in sodium phosphate (pH 6.5), and con- 
tained sonicated herring sperm DNA at 250-500 /xg/ml Hy- 
bridization buffer was 35-50% (vol/vol) in deionized form- 
amide and contained 250-500 fig of sonicated DNA per ml 
Filters were subjected to prehybridization treatment for 2-4 hr 
at 42°C and were hybridized at 42°C under probe concentration 
and time conditions given in Results. 

For analysis of single-copy mammalian gene sequences, hy- 
bridization was generally done to a Cot of 0.8 X 10" M sec . 
After the hybridization, filters were washed four times at room 
temperature, 2-3 min for each wash— twice with 2X NaCl/Cit 
containing 0.1% NaDodS04 and twice with 0.2x NaCl/Cit 
containing 0.1% NaDodS04. Two washes (15 min each) were 
done with 0. 16x NaCl/Cit containing 0. 1% NaDodS04 (for hy- 
bridizations in 45% formamide) at 50°C. Filters were then rinsed 
briefly in 2X NaCl/Cit containing 0.1% NaDodS04 at room 
temperature, air dried, and autoradiographed or assayed for biotin 
as described below. 

Colorimetric Detection of Bio-DNA Probes. Dry filters were 
incubated at 42°C for 15 min in a 3% (wt/vol) solution of bovine 
serum albumin in AP 7.5 buffer, air dried, baked at 80°C for 
30-60 min, and then rehydrated in the albumin solution at 42X 
for 20-30 min. Filters were exposed to enzyme complexes for 
5 min at room temperature; 2-5 ml of complex Was used for 
each 100 cm^ of filter. Filters were rapidly washed three times 
in 250 ml of AP 7.5 buffer and twice in 0. 1 M Tris-HCl, pH 9.5/ 
0.1 M NaCl/5 mM MgClg (AP 9.5 buffer). When avidin-per- 
oxidase (ABC) complexes were used, 2X NaCl/Cit was sub- 
stituted for AP 7.5 and AP 9.5 buffers. 

For development with avidin-biotinylated alkaline phos- 
phatase (ABAP) or Apoly(BAP) complexes, filters were incu-- 
bated at room temperature in AP 9.5 buffer containing NBT 
(0.33 mg/ml) and BCIP (0. 17 mg/ml) (18), prepared as follows. 
For each 15 ml of reagent, 5 mg of NBT was suspended in 1.5 
ml of AP 9.5 buffer in a microcentrifuge tube and vortexed vig- 
orously for 1-2 min and then centrifuged briefly in a Microfiige; 
the supernatant was decanted into 10 ml of AP 9.5 buffer warmed 
to 35°C in a polypropylene tube. The residual NBT pellet was 
extracted twice more with 1.5 ml of AP 9.5 buffer and these 
supematants were pooled with the original solution. The tube 
was rinsed with a final 0.5 ml of AP 9.5 buffer that was also 
decanted into the 15-ml NBT stock solution. BCIP (2.5 mg) was 
dissolved in 50 /il of 2V,]V-dimethylformamide and added drop- 
wise with gentle mixing into the NBT solution. 

Filters were incubated with the substrate solution in sealed 
polypropylene bags (Clavies; Bel-Art Products, Pequannock, 
NJ), 10-15 ml of solution per 100 cm^ of filter. (To decrease 
nonspecific background, color development should proceed in 
die dark or in subdued light.) Color development was termi- 
nated by washing filters in 10 mM Tris-HCl/1 mM EDTA, pH 
7.5. Developed blots were stored dry or in heat-sealed bags 
containing a small amount of 20 mM Tris-HCl/5 mM EDTA, 
pH 9,5. Although the color intensity fades when the nitrcM^el- 
lulose sheet is dried, rewetting with buffer will restore color as 
long as the filter has been stored without prolonged exposure 
to strong light. 

RESULTS 

The general utility of biotin-labeled polynucleotides as hybrid- 
ization probes depends, in large part, upon the sensitivity and 
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speed of the probe detection method. We therefore first ex- 
amined the relative efficiencies of standard immunological and 
affinity procedures for visualizing biotin-labeled DNA. Serial 
1:2 dilutions of target (pMM984 plasmid) DNA labeled with 
Bio-4-dUTP, Bio-ll-dUTP, or Bio-16-dUTP were mixed with 
a constant amount of carrier herring sperm DNA (7.5 /Ltg) and 
spotted directly onto nitrocellulose strips. These strips were 
then incubated with various detector reagents, and the sensi- 
tivity of each method was determined. Indirect immunofluo- 
rescence, with a hand-held UV-light source used for visualiza- 
tion, was relatively insensitive: detection hmits were near 1 ng 
of target DNA. Indirect immunoperoxidase methods, using 
either DAB or EAC as a substrate, were better but still only 
150-200 pg was detected with a Bio-ll-DNA target. The per- 
oxidase-antiperoxidase assay method of Stemberger et al (19) 
improved the sensitivity =2-fold over that seen with the in- 
direct immunoperoxidase technique. With each of these im- 
munological methods, increasing the length of the biotin linker 
arm from 4 to 11 atoms enhanced the detectabihty of the target 
by «4-fold. Bio-4-DNA was not detected at all by complexes 
of avidin and biotinylated horseradish peroxidase [the ABC 
complexes of Hsu et aL (20)]. However, ABC complexes re- 
vealed Bio-ll-DNA and Bio-16-DNA with equal efficiencies 
and with a sensitivity limit of <100 pg in a simple one-step re- 
action. Complexes made with avidin-DH and biotinylated al- 
kaline phosphatase were even more sensitive than ABC com- 
plexes, with detection hmits between 20 and 30 pg of target 
DNA. 

. None of the above techniques were sensitive enough for the 
; -analysis of single-copy mammalian DNA sequences. We rea- 
soned that the simplest way to increase sensitivity was to con- 
struct covalently linked enzyme polymers that, after biotinyl- 
ation, could be used in conjunction with avidin (or streptavidin) 
to make complexes for direct probe detection. Polymers of al- 
kaline phosphatase that retained high levels of enzymatic ac- 
tivity were prepared. A complex of this type, termed Apoly- 
(BAP), when used in conjunction with a substrate mixture of NBT 
and BCIP, would detect 1-2 pg of target DNA with enzyme incu- 
bations of 3-4 hr, a sensitivity sufficient for analyzing unique se- 
quences in a 7. 5-/ig sample of mammalian DNA. 




Fig. 1. Detection'of Bio-DNA on nitrocellulose by avidin-biotinyl- 
ated enzyme complexes. Each spot contained the indicated amoimt of 
pMM984 plasmid DNA (target sequence), labeled with Bio-lS-dUTP 
and (af-^2pj(jCTP (3 x cpm/Mg) by nick-translation, and 7.5 fig of 
carrier DNA. Detection systems were: lane 1, ABC (peroxidase) com- 
plex, 1-hr reaction with DAB; lane 2, ABA? complex, 3.75-hr reaction 
with NBT/BCIP; lane 3, Apoly(BAP) complex, 3.75-hr reaction with 
NBT/BCIP. Lane 4 was stained for total DNA with 0,02% toluidine blue; 
lane 5 is an autoradiograph of a duplicate strip exposed to film for 24 
hr with screen. 



Fig. 1 shows typical assay results obtained by using ABC, 
ABAP, and Apoly(BAP) enzyme detector complexes. Peroxi- 
dase (ABC) reactions (lane 1) generally gave higher nonspecif- 
ic background on the nitrocellulose filters than did ABAP or 
Apoly(BAP) complexes (lanes 2 and 3, respectively), particu- 
larly if incubations with peroxidase substrates were longer than 
30-60 min. However, with the Apoly(BAP) detector. 1-2 pg of 
target DNA was visible without significant background noise. 

Previous in situ hybridization experiments (2, 3) indicated 
that biotin-labeled polynucleotides exhibited less nonspecific 
binding to tissues and chromosomes than did comparable ra- 
diolabeled probes. These observations suggested that high Bio- 
DNA probe concentrations could also be used to drive hybrid- 
ization reactions on nitrocellulose. The vahdity of this sugges- 
tion was tested by hybridizing pMM984 DNA probes, labeled 
with ^P alone or with both ^P-labeled and biotin-labeled nu- 
cleotides, to replica dot-blot strips. The two probes of identical 
specific radioactivity were hybridized at probe concentrations 
ranging from 5 to 1,000 ng/ml (Fig. 2). The autoradiograph of 
the strips hybridized with ^P-labeled DNA showed significant 
nonspecific background at all probe concentrations above 25 
ng/ml (Fig. 2C). In contrast, the ^P-labeled Bio-16-DNA probe 
gave virtually no nonspecific background at probe concentra- 
tions up to 750 ng/ml (Fig. 2B). This result demonstrated that 
a good signal-to-noise ratio could be obtained with high con- 
centrations of a Bio-DNA probe, making it possible to decrease 
markedly the hybridization times required to achieve any de- 
sired Cot value. 

The autoradiographic signal from the ^P-labeled Bio-16-DNA 
probe (Fig. 2B) was appreciably lower than that observed with 
the biotin-free ^^P-labeled probe of equivalent specific radio- 
activity (Fig. 2C). This observation, coupled with the previous 
report (1) that the melting temperature of biotin-labeled DNA 
duplexes is slightly lower than that of biotin-free DNAs, in- 
dicated that maximal specific hybridization of the Bio-16-DNA 
probe was not achieved under the conditions used (50% form- 
amide buffer, 42^). To establish better hybridization condi- 
tions, dupHcate sets of filters were hybridized (and washed) at 
different stringencies. This study indicated that hybridization 
buffers containing 45% formamide, when combined with washes 
in 0. 16X NaCl/Cit at 50**C, gave the best signal-to-noise ratios. 
Aldiough decreasing the stringency further resulted in non- 
specific hybridization to carrier DNA spots, there was still little 
nonspecific binding to the filter at a probe concentration of 500 
ng/ml (data not shown). 

The abiUty of the Apoly(BAP) detection system to visualize 
sequences in a Southern blot format was first analyzed in a re- 
construction experiment. Various amounts of Unearized pAT153 
plasmid DNA were added to 10-/ig samples of sheared carrier 
DNA and the mixtures were electrophoresed on a 1.4% agarose 
gel. The region of the gel containing the 3.6-kilobase plasmid 
bands was transferred to nitrocellulose and the filter was hy- 
bridized with a Bio-16-labeled plasmid probe. To test the de- 
tection method critically, the hybridization was done at a high 
stringency (in 50% formamide) to a high Cot value, conditions 
known to give less than maximal results. Nevertheless, after a 
2-hr incubation in the NBT/BCIP substrate solution the 
Apoly(BAP) complex clearly detected bands containing as little 
as 3.1 pg of plasmid DNA (Fig. 3). The intensity of the signal 
was also proportional to the amount of target sequence. 

Further testing of this detector system was done by digesting 
human placental DNA with EcoBl or Htndlll and transferring 
the resulting fragments to nitrocellulose after electrophoresis 
in a 1% agarose gel. The DNA was then hybridized for 2 hr with 
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Fig 2 Bio-DNA probes exhibit less concentration^ependent background binding to do^blots than do biotin-free DNA probes. Each^t con- 
tained the indicated amount of unlabeled, linearized pMM984 DNA (target sequence) and 7 5 ,ig ^J.^^X^^^^^^^^^r^ncT^^ 
Bio-[^^]pMM984(A andB)orp2pj MM984(C)probes(both6.7 x 10« cpm/^g) for 20 hrmhybndizabon buffer containing 50^ 
aSproL concentrations were: lane 1, 5 ng/ml; lane 2, 25 ng/ml; lane 3, 125 ng/ml; lane 4, 500 ng/nd; lane 5, 750 ng/ml; 
ml, respectively. (A) Photograph of Bio-[^^]DNA probed blots after detection of Bio-DNA with Apoly(BAP) complex for 4.5 hr. (B and Q Auto- 
radiographs of the strips after 4-day exposure to film with screen. 



Bio-16-labeled a-globin (clone JWlOl) or Bio-16-labeled jS-glo- 
bin (pH^Ce) probes. After the hybridized probes were visu- 
alized with the Apoly(BAP) reagent and several hours of en- 
zyme incubation (Fig. 4), restriction fragments were observed 
that had sizes in good agreement with published values (21-23). 
The minor 2.5-kilobase EcoRI fragment hybridized to the ^ 
globin probe (Fig. 4, lane 3) is most likely the EcoRI fragment 
from the 5' region of the 6-gIobin gene, which cross-hybridizes 
with j3-globin probes (23, 24). Although the three Hindlll frag- 
ments that hybridized with the a-globin probe (Fig. 4, lane 2) 
exhibited a weaker signal than the other bands observed in lanes 
1, 3, and 4, this is not surprising because each of these frag- 
ments hybridized to only a subset of the 400 nucleotides pres- 
ent in the probe. It is clear, however, that unique mammalian 
gene sequences can be visualized colorimetrically by using the 
Apoly(BAP) detection system. Specific RNA sequences have 
also been visualized on nitrocellulose by this method with sim- 
ilar (1-10 pg) sensitivity (data not shown). Combining Bio-DNA 
probes with an Apoly(BAP) detector system thus provides a rapid 



and sensitive procedure for Southern, RNA, or. dot-blot hy- 
bridization analysis that eUminates the need for radioactive ma- 
terials and autoradiography. 





"Fig. 3. Detection of complementary DNA in Southern blots by Bio- 
DNA hybridization and colorimetric localization is sensitive and pro- 
portional to the amount of complementary DNA. A 1.4% gel was loaded 
with linearized plasmid (pAT153) DNA (target sequence) in 10 of 
sheared herring sperm DNA for each lane. The appropriate region of 
the gel was transferred to nitrocellulose and hybridized with Bio- 16- 
pMM984 probe (which contains all pAT153 sequences) at 0.25 ^xg/ml 
for 18 hr in 50% formamide. Bound Bio-DNA probe was detected with 
Apoly(BAP) complex in a 2-hr reaction. 



Fig. 4. Detection of a- and ^-globin genes in human DNA by 
using Bio-DNA probes and Apoly(BAP) colorimetric visualization. 
£coRI (lanes 1 and 3) and Hindm (lanes 2 and 4) digests of human pla- 
cental DNA (15 Aig per lane) were electrophoresed in a 1% agarose gel 
and transferred to nitrocellulose. Lanes 1 and 2 were hybridized with 
an a-globin probe (JWlOl) at 0.35 /ig/ml for 2 hr in 45% formamide. 
Lanes 3 and 4 were hybridized with a )3-globin probe (pH^6) under the 
same conditions. Lane 5 contained 750 pg each of A phage Hindm and 
pMM984 Pst I digests in 10 Mg of sheared carrier DNA and was hy- 
bridized with A and pMM984 probes. All probes were labeled with Bio- 
16-dUTP by nick-translation and were detected with Apoly(BAP) com- 
plexes in NBT/BCIP reactions of 1 hr (lane 5), 4 hr (lanes 3 and 4), or 
9 hr (lanes 1 and 2). kbp, Kilobase pairs. 
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DISCUSSION 

lie hybridization and enzymatic detection protocol reported 
. here offers several advantages over conventional procedures 
: that use radioactive probes and autoradiographic detection. Be- 
cause of their chemical stability, Bio-DNA probes can be used 
over long periods of time (at least 1-2 years) and still yield re- 

■ . producible hybridization results. By using Bio-DNA probes at 
high concentration, the hybridization times required for the 
analysis of unique eukaryotic gene sequences can be reduced 
to 1 or 2 hr. This feature applies to studies using either col- 
orimetric or autoradiographic detection methods. However^ 

■ oolorimetric yisuahzation provides superior resolution over au- 
toradiography with ^^P (Fig. 1, lanes 2 and 5). The Apoly(BAP) 
enzyme complex, in combination with the NBT/BCIP sub- 

■ strate, is sufficiently sensitive to visualize 1-2 pg of standard 
: nick-translated probe (=0.5 finol of biotinylated nucleotide) after 

a few hours of enzyme incubation. The sensitivity of detection 
can be increased 4- to S-foU simply by making the nitrocel- 
> lulose filter transparent (wet with toluene), and several other 
procedures for signal enhancement are also available. DNA 

■ probes can be labeled with two or more biotinylated nucleo- 
J: tides or can be 3'-end-labeled with biotinylated nucleotides by 

using terminal transferase. Alternatively, the hybridization ef- 
ficiency can be increased by using single-strand probes gen- 
'K ierated from sequences cloned in M13. Finally, the size of the 
i;;enzyme polymer used to construct the Apoly(BAP) complex can 
4 m increased by additional chemical polymerization reactions. 
J|lt js our expectation that a combination of these approaches will 
10M to cbkmmetric methods of polynucleotide visualization with 
,|feintbgram sensitivity. 

■J"' One^^l^ the method at present is that the colored 

precipitate generated by the NBT/BCIP substrate mixture is 
extremely insoluble in all organic solvents tested. Alternative 
substrates for aljcaline phosphatase that generate precipitates 
that can be! solubilized are available (25); however, these sub- 
' strates are riot as sensitive as the NBT/BCIP mixture. With the 
, development of more sensitive enzyme polymers or hybrid- 
ization protocols, these alternative substrates could be used to 
reprobe the same blot. 

Enzyme-polymer complexes made with avidin or streptav- 
idin could also prove useful for antigen detection with a bio- 
tinylated antibody intermediate, for sequence analysis by the 

■ dideoxynucleotide method (26), and for visualizing clones of in- 
: terest after cplpny. (27) or plaque (28) hybridization. 
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